The authors attempted to determine the relative importance of factors that influence bleeding during and after spinal fusion. Data from 30 ASA I patients with idiopathic scoliosis were prospectively collected and analyzed, lntraoperative bleeding was 1971 -6 831 ml (mean + SD) and correlated with the number of fused vertebrae (r = 0.66, P < 0.0001) 
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Blood loss' during and after spinal fusion for correction of idiopathic scoliosis is high and often as much or more than the patient's total estimated blood volume (EBV). 1-3 In some patients, haemostatic abnormalities may increase the bleeding problem. Despite a bleeding time that is usually within the normal range, half of the patients with idiopathic scoliosis have abnormal platelets with a decreased aggregation in response to epinephrine and ad-CAN J ANAESTH 1994 / 41:9 / pp 775-81 enosine diphosphate. 4 Furthermore, the collagen from patients with idiopathic scoliosis aggregates platelets only one-fourth as efficiently as the collagen from normal patients, s
Many anaesthetic and surgical techniques have been cited as possible factors influencing the blood loss during surgery including: extent of dissection, number of fused vertebrae, duration of surgery, surgical technique used, type of instrumentation, site and size of bone graft and phase of operation in which it is obtained, use of epinephrine, degree of muscle relaxation, mean arterial blood pressure and pressure in the inferior vena cava. 6-8 However, few recent studies have clarified the relative importance Of these factors and none has tried to define the factors which influence postoperative blood loss. 6,7
The aim of this study was to determine the relative importance of factors that influence bleeding during and after surgery in patients undergoing spinal fusion for idiopathic scoliosis.
Methods
After approval by the ethics committee, data from 30 ASA I patients who underwent spinal fusion by the same surgeon using a Cottrel-Dubousset surgical technique with harvesting of bone graft from the iliac crest were collected prospectively. No patients had a coagulation abnormality (bleeding time >nine minutes) and they were positioned on a Harrington frame. The anaesthetist in charge of the patient chose the anaesthetic technique. Opioids were administered to obtain a low normotensive anaesthesia with an inspired isoflurane concentration' of 2.0% or less. The criteria for administration of neuromuscular relaxants varied widely as some anaesthetists used only two doses of pancuronium, i.e., one to facilitate tracheal intubation and one after the wake-up test, while others tried to maintain a moderate blockade as defined by obtaining two or three responses to a train-of-four stimulation. During surgery, patients were monitored with an ECG (Datascope 2002), pulse oximeter (Omehda Biox 3700), capnometer (Datex Normocap 200), automated oscillometric blood pressure device (Dinamapp| and a nasopharyngeal thermistor connected to the cardioscope. An arterial catheter was placed in the radial artery (#20-gauge) and a central venous catheter introduced into the right internal jugular vein (#16-gauge) (Datascope 2002). Heart rate and blood pressure were recorded before the induction of anaesthesia and every five minutes thereafter until the end of anaesthesia. Central venous pressure, temperature and urine output were recorded every hour during surgery. Appropriate minute ventilation and fresh gas flows were calculated in order to maintain normocarbia using a coaxial circuit. Maintenance fluid requirements and estimated third space losses were replaced with lactated Ringer's solution 6 to 10 rnl. kg -~. hr -~ to maintain the central venous pressure between 4 and 8 mmHg. Surgical blood losses were replaced with lactated Ringer's solution up to 20 to 30% of the estimated blood volume in a ratio of 3:1, and with packed red blood cells diluted in normal saline or banked autologous blood for blood losses exceeding 20 to 30% of the estimated blood volume. For patients with homologous blood transfusion, each unit of packed red blood cells was diluted with 250 ml saline and fresh frozen plasma was administered after the loss of 50 to 100% of the estimated blood volume.
The skin was infiltrated with 20 to 250 ml epinephrine 1:I,000,000. Exposure of the bony elements was done from the upper to the lower vertebrae. After harvesting cortical andlcancellous bone from the right iliac crest, hooks were inserted. Decortication of laminae, facet joints and transverse processes was done at every level and rods were inserted with a'derotation manoeuvre as indicated. A wake-up test was performed and bone graft was packed at all levels to be fused. Hemovac drainage was inserted before closure and left in place until the bleeding tapered to < 100 ml in the preceding eight hours. Following surgery, urine output was monitored and vital signs were recorded including blood pressure as measured by auscultation of Korotkoff sounds.
The following data were collected: age, sex, weight, height, Cobb's curve angle, number of fused vertebrae, duration of anaesthesia and surgery, quantity of narcotics used, quantity of muscle relaxants administered, minimal intraoperative central core temperature, mean arterial blood pressure and mean central venous pressure maintained during surgery, quantity of cristalloids administered and hourly urine output. The Cobb's curve angle is measured as follows. The upper and lower end vertebrae are determined. These are the vertebrae which tilt most toward the concavity of the curve. A horizontal line is drawn at the superior border of the highest vertebral body and another is drawn at the inferior border of the lowest vertebral body. Perpendiculars to these lines are drawn and the angle of intersection is measured. The more severe the curve the greater the Cobb angle.
Intraoperative blood loss was measured by weighing sponges and suction draining. Wound drainage (Snyder, Hemovac) was measured postoperatively every eight hours for the first 24 hr (i.e., to 8 am the day following surgery) and until drains were removed. The type and quantity of blood products administered during and after surgery, the urine output for the first 24 hr, the first mobilisation following surgery and the number of in-hospital days were also noted. The following variables were calculated; estimated blood volume at 60 ml. kg -~ for females and at 65 ml. kg-~ for males, intraoperative, post-operative and total blood losses as a percentage of estimated blood volume, the intraoperative quantity of opioids in p.g. kg-% muscle relaxants (pancuronium) in mg. kg -I. hr-% total ir~traoperative quantity of crystalloids in ml-kg-% the urine output during surgery in m l . k g -l -h r -l and postoperative urine output in ml-kg -~ at 8 am. 9 In order to allow correlation trials between the quantity of opioid and the other variables, the quantity of sufentanil was multiplied by seven. The relative potency of sufentanil compared with fentanyl is estimated to be between five and ten. 1~ Relationships between variables were analyzed using stepwise regression. Statistical differences were assessed using Student's t test or Mann-Whitney where appropriate. A P < 0.05 was considered significant. For linear regression, this corresponds to a correlation coefficient (r value) of approximately 0.361.
Results
General patient data are included in Table I . Twentythree patients received fentanyl: 16.0 -I-3.3 ~tg. kg -t (mean + SD) and seven patients received sufentanil: 2.9 4-0.4 ~tg-kg -I during surgery. Pancuronium 0.17 + 0.06 mg. kg -~ (from 0.09 to 0.34 mg. kg-I), isoflurane and nitrous oxide was used in all patients. Twenty-two patients received autologous blood while eight received homologous blood. Of the 22 who received autologous blood, three were also given homologous blood in the intra-and postoperative period. Four patients receiving homologous blood were given one plasma unit during surgery. The volume of blood loss during and after the surgery, the total amount until the removal of drains, and the quantity of blood products administered are indicated in Table  II. There was a correlation between the intraoperative bleeding as an absolute amount or as a percentage of the EBV and the number of fused vertebrae (r ----0.66, P = 0.00008, and r = 0.56, P = 0.0013) (Figure 1 ), the duration of surgery (r = 0.46, P = 0.0105 and r = 0.41, P = 0.0244) and the volume of blood administered during that period (r = 0.93, P < 0.0001 and r = 0.40, P = 0.0285). There was no correlation between the intraoperative bleeding in absolute value or as a percentage of EBV and the Cobb curve angle, the mean arterial blood pressure maintained during surgery (MAP), the central venous pressure (CVP), the quantity of epinephrine, muscle relaxants or opioids used or the minimal core temperature recorded during surgery. Twelve patients had a MAP ranging between 63 and 70 mmHg (66.3 4-3.0 mmHg) and 18 patients had MAP ranging between 71 and 86 mmHg (76.5 + 4.4 mmHg) (P < 0.001). Intraoperative bleeding in patients with a MAP lower than or equal to 70 mmHg was comparable to that of patients with a MAP higher than 70 mmHg that is 2158 4-908 ml compared with 1982 + 841 ml or 222 + 70 ml per fused vertebrae vs 200 + 67 ml. The intraoperative bleeding in ml or as a percentage of EBV and the volume of blood administered of patients receiving fentanyl was similar to that of patients receiving sufentanil. Likewise transfusion of homologous vs autologous blood did not change the intraoperative bleeding (Table II) . Postoperative bleeding from the end of surgery to drain removal, in total volume or as a percentage of EBV correlated poorly with the duration the drain was in place (r = 0.38, P = 0.0383 and r = 0.40, P = 0.0285) and with MAP maintained during surgery (r = 0.40, P = 0.0285). There was no correlation between blood losses during the first 24 hr after surgery and MAP measured during that time. No correlation was found between the total postoperative bleeding in absolute value or as a percentage of EBV and any other variable studied including the number of fused vertebrae and blood loss during surgery. Six patients had greater postoperative than intraoperative bleeding, ranging from 1135 to 2268 ml (33.3 to 76.9% of EBV) compared with intraoperative bleeding of 615 to 1750 ml (19.8 to 48.6% of EBV). Choice of opioid (fentanyl or sufentanil) did not influence postoperative bleeding in total volume or as a percentage of EBV (Table II) . The transfusion of autologous or homologous blood did not change postoperative blood loss volume but did affect the amount of blood transfused in the postoperative period (P = 0.02) ( Table II) . The total blood loss, i.e., intra-plus postoperative up to drain removal, in absolute value or as a percentage of EBV, was correlated to the number of fused vertebrae (r = 0.63, P = 0.0001 and r = 0.47, P = 0.0088) ( Figure  2 ) and also to the duration of surgery (r = 0.42, P = 0.0208). There was also a correlation between the quantity of blood given during surgery and total bleeding in absolute value (r = 0.76, P < 0.0001). Timing of first mobilization and duration of hospital stay were not corre- 
Discussion
In this study the number of fused vertebrae was the most important factor in predicting intraoperative and total blood loss in patients undergoing posterior spinal fusion of seven to thirteen vertebrae for correction of idiopathic scoliosis (r ----0.66, P < 0.0001 and 0.63 P = 0.0001) (Figures 1 and 2) . A correlation between intraoperative bleeding and the number of fused vertebrae has been reported for patients with idiopathic scoliosis as well as for patients with scoliosis secondary to neuromuscular disease. ~2,t3 However, a correlation between the number of fused vertebrae and total blood loss, i.e., including the postoperative period as found in the present study, could be more helpful in improving prediction of the quantity of blood products required for the intervention. Preoperative autologous blood collection makes possible a reduction in the use of homologous blood. 14 This technique requires a great investment by both patients and hospital blood banks. A preliminary estimate of the quantity of blood needed for surgery might prove useful for the patient by reducing the number of blood units he would have to donate or help predict which patients will likely need additional homologous blood. Nevertheless this prediction can only be approximate since total bleeding per vertebrae varied widely from 223.9 to 503.3 ml (Table I) .
The quantity of blood lost per vertebra noted in this study may differ from other institutions. All surgery was performed by the same-surgeon. Although in a previous study we detected no noticeable difference in bleeding volume when surgery was performed by either of two experienced surgeons, Pouliquen et al. have reported that the duration of surgery and blood loss are less if the segmental posterior instrumentation as described by Cottrel and Dubousset was performed by their most experienced surgeon, that is, 171 4-38 min and 1082 + 614 ml compared with 225 4-46 rain and 1781 4-1157 ml. 1,15 The use of homologous or synthetic bone graft, instead of the harvesting of bone from the iliac crest might also have decreased the intraoperative bleeding from 1828 + 1086 to 1120 4-721 ml. 15 In this study, the duration of surgery correlated both with intraoperative and total bleeding (r = 0.46, P = 0.0105 and 0.42, P = 0.0208). This correlation was also found by Murat et al. for idiopathic scoliosis and by Fromes and Morin for neuromuscular scoliosis. 12,13 A correlation between these two factors does not indicate which is the causal factor since major bleeding could slow the progress of surgery. The duration of surgery nevertheless reflects the surgeon's skill which is a determining factor of the intraoperative bleeding. ~5 Since the duration of surgery cannot be established beforehand, it cannot be used to predict blood losses.
There was no correlation between blood loss and the Cobb curve angle in the range between 43 and 86 ~ , These results confirm the study of McNeil et al. who did not find a difference in blood loss in patients with Cobb curve angles less than 603, between 60 to 793 or greater than 795 t6
There was no correlation between the intraoperative blood losses and the quantity of epinephrine used. All patients received epinephrine, the quantity administered being determined by the surgeon based on the length of incision and height of patient; which implies that each patient received an appropriate quantity. From this study it was not possible to make any inference on the efficacy or lack of efficacy of epinephrine.
Some authors have recommended complete muscle relaxation for the entire duration of surgery to reduce intraabdominal pressure, and hence reduce bleeding, v In this study, there was no correlation between intraoperative bleeding and the quantity of muscle relaxants given. However, with the protocol used in this study, no definite conclusions can be drawn on the effects of a profound neuromuscular relaxation on bleeding.
The volume of intraoperative bleeding was not related to the mean arterial pressure maintained during surgery, in the range between 63 and 86 mmHg. At first glance this may seem surprising since the use of controlled hypotension has already been reported as decreasing intraoperafive blood losses in patients undergoing spinal fusion for idiopathic and non-idiopathic scoliosis. ~6-21 However, the exact level at which the MAP should be maintained is not clear. In a retrospective study, Lawhon et al., demonstrated that the intraoperative bleeding was reduced if the MAP was maintained below 90 mmHg compared with over 90 mmHg, but found no extra benefit in lowering the MAP further. 17 The clinical benefit of hypotensive techniques for scoliosis surgery might not be as important as originally thought. Bennett and Abbott reported that lowering the systolic blood pressure to 75 4-5 mmHg reduced bleeding from 19.55 + 11.6 to 12.84 + 9.08% of EBV. ~9 The benefit of a mean reduction in blood loss of 6.6% of EBV or approximately 180 ml for a patient weighing 50 kg is doubtful since it would probably not reduce by even one unit the quantity of blood transfused. According to our results the intraoperative bleeding of patients with a MAP of 76 mmHg is comparable to that of patients with a MAP of 66 mmHg, that is 1982 -I-841 vs 2158 + 908 ml or 200 + 67 vs 222 + 70 ml per fused vertebra. These results are similar to those of Porter et al. described under controlled hypotension, between 60 and 70 mmHg with nitroprusside, captopfil-nitroprusside or nitroglycerin, that is 2200, 2783 and 1068 ml or 178, 236 and 166 ml per fused vertebra and almost identical to the Bennett's hypotensive group with either pentolinium, pentolinium-halothane-propranolol or nitroprussidepropranolol that is 223 ml per fused vertebra.2~
It is also possible that the aetiology of hypotension, i.e., lowering of cardiac output vs lowering peripheral resistance, is an important factor in the efficacy of hypotension on the reduction of intraoperative bleeding in patients undergoing posterior spinal fusion. In a study where pentolinium and propranolol were used to achieve hypotension, Knight et al. reported that the sole haemodynamic variable related to intraoperative bleeding was the left ventricular stroke work index. 23 Since it is possible that hypotension increases the risks of neurological sequelae, particularly if one uses an agent which lowers spinal blood flow such as trimethaphan, the risk:benefit ratio of the various hypotensive techniques reported in the literature needs to be clearly defined. [24] [25] [26] The mean postoperative bleeding in scoliosis patients is high that is 1383 + 369 ml or 43.1 + 11.7% of EBV and in fact exceeded intraoperative bleeding in 20% of patients. Postoperative bleeding is related to the length of time the Hemovac drain is kept in place (r 0.40, P = 0.0285). This is not surprising since the surgeon leaves the drain until the bleeding tapers off to less than 100 ml in the preceding eight hours. It is possible, however, that the continuous postoperative drainage encourages bleeding by creating a cavity where blood may accumulate. The absence of a drain did not eliminate postoperative bleeding. In centres where postoperative drainage is not used, a decrease in haematocrit sufficient to necessitate blood transfusion can occur up to the third operative day. 12,13 Furthermore the absence of a drain increases the risk of severe haematoma formation, is
Postoperative bleeding was correlated with the MAP maintained during surgery (r 0.40, P = 0.0285). A decrease in postoperative bleeding in patients with intraoperative controlled hypotension has been noted by Malcolm-Smith et al., that is 533 -t-267 vs 1014 -t-558. is In that study the intraoperative bleeding of patients under controlled hypotension was less than in the control group that is 525 + 226 vs 1530 +_ 941. is The reduced intraoperative bleeding of the hypotensive group might have resulted in less dilutional thrombocytopenia and higher levels of coagulation factors in the immediate postoperative period. In the present study, however, the correlation between postoperative bleeding and the intraoperative MAP could not have resulted from a lesser dilution of the coagulation factors in these patients since the postoperative bleeding was not related to the intraoperative bleeding and furthermore the intraoperative bleeding of patients with a MAP < 70 mmHg was similar to the bleeding in patients with MAP > 70 mmHg. More studies are needed to confirm this correlation.
The absence of correlation between postoperative bleeding and the number of fused vertebrae or intraoperative bleeding make it impossible to predict the amount of postoperative bleeding. These patients must be kept under strict surveillance following surgery even if the intraoperative bleeding has been minimal.
In conclusion, the number of fused vertebrae is the most important factor in predicting intraoperative and total bleeding, that is until drain removal. Postoperative bleeding exceeds intraoperative bleeding in 20% of patients and cannot be predicted by the number of fused vertebrae nor the intraoperative bleeding.
